The hard x-ray scanning microscope at beamline P06 of PETRA III at DESY in Hamburg serves a large user community, from physics, chemistry, and nanotechnology to the bio-medical, materials, environmental, and geosciences. It has been in user operation since 2012, and is mainly based on nanofocusing refractive x-ray lenses. Using refractive optics, nearly gaussian-limited nanobeams in the range from 50 to 100 nm can be generated in the hard x-ray energy range from 8 to 30 keV. The degree of coherence can be traded off against the flux in the nanobeam by a two-stage focusing scheme. We give a brief overview on published results from this instrument and describe its most important components and parameters.
INTRODUCTION & OVERVIEW
The nanoprobe station of beamline P06 at PETRA III at DESY in Hamburg, Germany, is a hard x-ray scanning microscope designed for a broad range of applications in physics, chemistry, bio-medicine, the materials, geo-, and environmental sciences, and nanotechnology. It was designed and built in a collaboration between TU Dresden and DESY and funded within the programme "Verbundforschung" of the German Ministry of Education and Research (BMBF) [1] . It is based on nanofocusing refractive x-ray lenses (NFLs) [2, 3, 4] and is usually operated in the hard x-ray range between 8 and 30 keV. Several x-ray analytical techniques are available, such as x-ray fluorescence, diffraction/scattering, and absorption spectroscopy, giving elemental, structural, and chemical contrast. In addition, tomographic scanning modes are routinely possible. In a high-coherence mode, the instrument is well suited for coherent diffraction imaging schemes, such as ptychography [5] , reaching highest spatial resolution (below 10 nm) and sensitivity in the hard x-ray range. Combined with resonant scattering, ptychography can provide high-resolution images with chemical contrast [6] , and in tomographic scanning mode, the three-dimensional structure (complex refractive index) of a sample can be reconstructed. This was recently demonstrated by imaging a sample of an organic tandem solar cell in three dimensions [7] .
Besides being a powerful microscopy technique, ptychography is also ideal for characterizing coherent nanobeams. Many experiments at the nanoprobe at P06 have been carried out, characterizing nanofocusing refractive x-ray lenses (NFLs) [8] , multilayer Laue lenses (MLL) [9, 10] , Fresnel zone plates [11] and kinoform diffractive lenses [12] , adiabatically focusing lenses (AFLs) [13] , and refractive lamellar lenses (RLLs) [14] . The wave field around the focus can be faithfully reconstructed [15] , e. g., following in detail the evolution of phase vortices along the caustic of the nanobeam [16] .
In the following, we give a short description of the scanning microscope at beamline P06. It is intended to help experimentalists to prepare their experiments at this instrument. The layout of the beamline and the geometry of the scanner are shown in Fig. 1 and 2 , respectively. A list of the most important components and parameters of the beamline and the nanoprobe is given in 
HARD X-RAY SCANNING MICROSCOPE
The hard x-ray nanoprobe is part of beamline P06 in sector 4 of the Max-von-Laue experimental hall at PETRA III [ Fig. 1a )]. A 2-m U32 spectroscopy undulator [17] (λ U = 31.4 mm, K max = 2.7) serves as source in this low-β section.
With an rms source size of 40 × 6.1 μm 2 it generates a beam with a divergence of 31 × 4.0 μrad 2 (E = 10 keV). High-power slits define the beam entering the optics hutch: a first slit PS1 confines the beam vertically and the PS2 slits define the beam size in horizontal and vertical direction before it enters the optics hutch. The beam is monochromatized either by a multilayer monochromator (not fully commissioned, yet) or a crystal monochromator, both located in the optics hutch [ Fig. 1b) ]. The double crystal monochromator (DCM) has a fixed exit double-crystal (Si 111, energy range: 3 − 50 keV) and a high-stability channel-cut crystal option (Si 111, energy range: 6 − 18 keV). Two horizontally deflecting flat mirrors serve as low-pass filters for higher-harmonic rejection [ Fig. 1b) ]. They have reflective coatings made of Si, Cr, and Pt and cover a cut-off energy range from 6 to 30 keV. 1 A slit system (OH slits) located at approx. 43 m from the source [cf. Fig. 1b) ] defines the beam transported to the experimental hutches. An integral part of the x-ray scanning microscope are rotationally parabolic compound refractive lenses (CRLs) made of beryllium [18] , located at 43.54 m from the source. The focal length of the lens system can be adapted to the experimental needs selecting a combination of lenses from a set of 6 lens stacks (0: N = 1, R = 500 μm; 1: N = 1, R = 300 μm; 2: N = 1, R = 200 μm; 3: N = 2, R = 200 μm; 4: N = 1, R = 50 μm; 5: N = 2, R = 50 μm, cf. [18] for a detailed description of the lens parameters). It allows one to trade-off coherence properties of the beam with the intensity falling onto the entrance slits of the scanning microscope. The fast shutter, controlling exposure times during experiments, is located in the microprobe hutch at 87.39 m from the source together with an absorber unit containing a set of aluminum foils (thickness: 5 − 2000 μm), which allow to attenuate the beam. Two quadrant beam position monitors (QBPMs, cf. Fig. 1 ) are used to determine and control the position and direction of the monochromatic beam. The beam can be observed with retractable screens (LM2, LM2b, LM3, LM4, cf. Fig. 1 ) along the beamline during alignment. Just in front of the scanner unit, an ionization chamber is installed to measure the x-ray intensity entering the nanoprobe hutch.
The scanner unit of the nanoprobe is located in the last experimental hutch at about 98 m from the source [ Fig. 1a ), Fig. 2a)] . A detailed schematic view of the scanner and optics unit is shown in Figure 2 . The aperture of the nanofocusing optics is defined by a pair of high-precision polished slits. The flux behind these slits is monitored by a trans- • ¶ * As measured from the center of the U32 undulator to the center of the given component. † As measured relative to entrance slits of the scanner unit. ‡ As measured to the exit of the NFL. § As measured to the side facing the optics. Shielding thickness (stainless steel): 1 mm. ¶ Fluo. detector can be rotated (vertical axis), pointing to the sample in the given angular range with respect to the optical axis. mission diode. Two optics, usually nanofocusing refractive x-ray lenses, can be mounted in crossed geometry on two independent stages (attocube), each with 5 degrees of freedom. The vertically focusing lens can be adjusted in three translations and two rotations around the y and z axis [cf. Fig. 2b) ]. The horizontally focusing optics have two translational (y, z) and three rotational degrees of freedom. Scattering from the lenses is shielded by a pinhole, and a clean, nearly gaussian nanobeam is delivered to the sample position. Depending on the degree of coherence, i. e., the settings of the prefocusing CRLs, nanobeams with a flux between 10 7 and 3·10 9 ph/s can be generated. Diffraction limited focus sizes (full width at half maximum) depend on the x-ray energy: 10 keV: 100 × 120 nm 2 , 15 keV: 80 × 90 nm 2 , 20 keV: 50 × 60 nm 2 (H×V). Lower x-ray energies are accessible using Fresnel zone plates.
Typical working distances for the sample range between 2 and 30 mm. The sample can be finely scanned in three translations and one rotation. It is usually mounted on a pin (3 mm diameter, 20 mm ± 5 mm length to the sample) and can laterally extend over several millimeters. The thickness of the sample should not exceed the depth of focus that lies in the range of 100 μm. This is also true for the sample width in case of tomography. The sample can be mounted on a small goniometer to align it for nano-diffraction, and custom sample environments can be accommodated in collaboration with the beamline staff. A Vortex-EM Si-drift-diode detector can track fluorescence radiation, while the (coherently) scattered x rays can be detected by either a Pilatus 300k (Dectris) or a mar165 (rayonix) in the small-or wide-angle regime (cf. Tab. 1 for detector positioning options). Alternatively, a calibrated PIN diode is available to measure the transmitted radiation behind the sample, and a high-resolution x-ray camera (Optique Peter, PCO) can be used for full-field imaging in the direct beam. A visible-light microscope is available for sample alignment.
With this instrument, a large variety of experiments has been realized, covering approximately one third of the beamtime at beamline P06. The scanner and optics unit is currently being redesigned to improve stability and include interferometric control of the relevant degrees of freedom.
